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ABSTRACT 
In the present investigation an experimental study has 

been performed to determine the suitability of the cork 

as a lightweight aggregate. The design mixture of 

concrete ranging from C1 to C9 have been prepared 

using five cork size categories and tested for compressive 

strength, density variation and workability. 

Comparative study has been performed for the given 

design mixture of concrete. It was found that the density 

and compressive strength of the cork concrete decreases 

as the size of the cork particle increases. 

 

Keywords: Cork, Composites Concrete density, 
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I. INTRODUCTION 

The material known as cork comes from the outer layer of 

bark of the cork oak tree. The primary chemical constituents 

of cork are  suberin (40%), lignin (22%), hemicellulose 

(11%), and cellulose (9%).  Due to its unique composition 

cork exhibits low density, low thermal conductivity, good 

sound absorption and water resistance. Cork can be used as 

a aggregate in concrete because of the properties it 

possesses.  

Many cork granules have weight lighter than normal 

aggregate so it can be used as a light weight concrete also. 

Lightweight cork concrete wascompared with standard 

concrete and other kinds of lightweight concrete. The results 

indicated that although the mechanical strength of cork 

concrete in compression and tension is lower than that of 

standard concrete, this kind of concrete performed better 

than the other types of lightweight concrete analyzed.  Cork 

lightweight concrete also exhibited better thermal and 

shrinkage properties than other lightweight concretes 

produced from organic materials. 

 

II. EXPERIMENTAL SETUP 

The natural sand has a specific gravity, fineness modulus 

and absorption of 2.72, 2.84, and 1.5%, respectively. The 

mortar and concrete mix proportions, namely the cork size, 

percentage of cork as sand and/or stone replacement are 

summarized in Table (1). Five cork particle size categories 

were used and consist of (0.5–1), (2–3), (3–5), (3–8) and (6–

14) mm. All mortar mixtures were prepared as 1:2 mortars 

(i.e. 1 part cement to 2 parts sand by mass) with a water-to-

binder (w/b) ratio of 0.40. 

 

III. RESULTS AND DISCUSSION 

 
I. Cork mortar density: The hardened density of the 

mortar mixtures was measured at ages of 7, 14, 28 and 

56 days. All mortar density measurements are an 

average of three with a coefficient of variations (COVs) 

of 2% at most. The density of the mortar mixtures 

remained relatively constant over time. The density of 

the control specimen was 2370–2382 kg/m3 and 

decreased with increasing percentage of cork. 

 

II. Cube strength of mortar: The mean cube strength of 

the mortar mixtures and their corresponding COVs 

were measured at ages of 7, 14, 28 and 56 days. The 

cube strength of the control mixtures (0% cork) 

increases from 54.3 MPa to 65.5 MPa from days 7 to 

56, respectively. The mortar containing cork as sand 

replacement had a markedly lower cube strength in 

comparison to the control mixture. The mortar 

containing cork as sand replacement had a markedly 

lower cube strength in comparison to the control 

mixture. When the cork size increased from (0.5–1 mm) 

to (2–3 mm) to (3–5 mm) the mortar cube strength 

decreased. This is expected to be due to the lower cork 

density of the larger cork granules 

 

 

 

Table (1) Use of cork in mortar and concrete mix designs 
MATERIAL MIX IDENTIFICATION CORK SIZE PERCENTAGE 

REPLACEMENT 

SAND OR 

STONE 

REPLACEM

ENT 

Mortar M1 Control None 0  

Mortar M2 10%C(0.5–l) (0.5-1) 10 Sand 

Mortar M3 10%C(2-3) (2-3) 10 Sand 

Mortar M4 10%C(3–5) (3-5) 10 Sand 

Mortar M5 5%C(0.5–l) +5%C(2-3) (0.5-1)+(2-3) 5+5 Sand 
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Mortar M6 5%C(0.5–l) +5%C(3–5) (0.5-1)+(3-5) 5+5 Sand 

Mortar M7 5%C(2–3) + 5%C(3–5) (2-3)+(3-5) 5+5 Sand 

Mortar M8 20%C(0.5–l) (0.5-1) 20 Sand 

Mortar M9 10%C(0.5–l) + 10%C(2–3) (0.5-1)+(2-3) 10+10 Sand 

Mortar M10 10%C(0.5–l) + 10%C(3–5) (0.5-1)+(3-5) 10+10 Sand 

Concrete C1 Control None 0  

Concrete C2 10%C(0.5–l) (0.5–1) 10 Sand 

Concrete C3 10%C(3–5) (3–5) 10 Sand 

Concrete C4 10%CSandBlend Cork as sand 

blend 

10 Sand 

Concrete C5 10%C(3–8) (3–8) 10 Stone 

Concrete C6 10%C(6–14) (6–14) 10 Stone 

Concrete C7 10%CStoneBlend Cork as stone 

blend 

10 Stone 

Concrete C8 5%CSandBlend + 

5%CStoneBlend 

Cork as sand and 

stone blend 

5+5 Sand and stone 

Concrete C9 10%CSandBlend + 

10%CStoneBlend 

Cork as sand and 

stone blend 

10+10 Sand and stone 

Cork as sand blend = 3.7 %( 3–5 mm) + 29.6 %( 2–3 mm) + 58.2 %( 0.5-lmm) + 8.6 %(< 0.2 mm). 

Cork as stone blend = 33.7 %( 6–14 mm) + 62.4 %( 3–8) mm + 3.9 %( 2–3 mm). 

 

 

 
 

Fig. 1.  Effect of cork size   on cube strength 

 

 

IV. PROPERTIES OF CONCRETE 

CONTAINING CORK 

 
4.1 Workability: The influence of 10% and 20% cork in the 

concrete markedly decreased the slump measurements 

resulting is a less workable mixture compared to the control 

concrete, C1. However, no observed correlation was 

identified between the cork size, or percentage of cork used 

and the slump. 

The control concrete (C1) had a slump of 155 mm, concrete 

containing cork as sand replacement (C2,C3,C4) had slumps 

ranging from 5 to 25 mm, concrete containing cork as stone 

replacement (C5,C6,C7) had slumps from 10 to 40 mm and 

concrete containing cork as sand and stone replacement 

(C8,C9) had slumps of 10–15 mm. 

 

 

 
 

Fig. 2.  Influence of cork on slump test results 
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4.2 Concrete density:  Density of concrete was measured 

between days 7 and 28 for the same mix design and all had a 

COV less than 2%. The 28 day density of the control 

concrete was 2456 kg/m3. As well as we increased the size 

of cork the density of concrete is reduced. The mix carry 

10% sand blend and 10% stone blend have lowest density 

among all. 

 
Fig. 3. Variation of density for different design mix  

 

4.3 Concrete compressive strength: compressive strength 

is calculated at 7 days and 28 days. In comparison to the 

control concrete, C1, mixtures containing 10% cork as 

sand and or stone replacement have a 51–66% lower 

mean compressive strength based on the 7 and 28 days 

data.This was further supported by the compressive 

strength results for the mixture that contained 20% 

cork, C9. Mixture C9, did not gain compressive 

strength with age, and exhibited an 83% and 86% lower 

compressive strength at days 7 and 28, respectively, in 

comparison to the control concrete, C1. 

 

 
Fig. 4.  Compressive strength for various design mix 

 

 

 

V. CONCLUSION 

 
The following are the conclusions drawn from the study: 

I. This study shown that cork can be used as a lightweight 

aggregate. Cork concrete density decreases as the cork 

size increases. The mix carry 10% sand blend and 10% 

stone blend have lowest density among all. 

II. Mixtures containing 10% cork as sand and or stone 

replacement have a 51–66% lower mean compressive 

strength based on the 7 and 28 days data. Design mix C9 

carry 20% replacement of cork have lowest compressive 

strength. 

III. The influence of the cork in the concrete decreased the 

slump measurements resulting is a less workable mixture 

compared to the control concrete. However, no observed 

correlation was identified between the cork size, or 

percentage of cork used and the slump. 
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